Fatty acid-spermine conjugates as DNA carriers for nonviral in vivo gene delivery.
The lack of efficient in vivo gene delivery is a well-known shortcoming of nonviral delivery vectors, in particular of chemical vectors. We developed a series of novel nonviral carriers for plasmid-based in vivo gene delivery. This new transport device is based on the assembly of DNA plasmids with synthetic derivatives of naturally occurring molecules-fatty acid-spermine conjugates (or lipospermines). We tested the ability of these fatty acid conjugates to interact with plasmid DNA (pDNA) and found that they formed DNA nanocomplexes, which are protected from DNase I degradation. This protection was shown to directly correlate with the length of the aliphatic component. However, this increase in the length of the hydrocarbon chain resulted in increased toxicity. The cationic lipids used for transfection typically have a C(16) and C(18) hydrocarbon chain. Interestingly, toxicity studies, together with further characterization studies, suggested that the two most suitable candidates for in vivo delivery are those with the shortest hydrocarbon chain, butanoyl- and decanoylspermine. Morphological characterization of DNA nanocomplexes resulting from these lipospermines showed the formation of a homogenous population, with the diameter ranging approximately from 40 to 200 nm. Butanoylspermine was found to be the most promising carrier from this series, resulting in a significantly increased gene expression, in relation to naked plasmid, in both tissues herein targeted (dermis and M. tibialis anterior). Thus, we established a correlation between the in vitro properties of the ensuing DNA nanocarriers and their efficient in vivo gene expression.